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SECTION  I,  INTRODUCnOH 


1,1  Purpoae  of  This  Report 

The  purpose  of  this  report  is  to  provide  research  and  design  engineers 
and  metallurgists  with,  as  nearly  as  possible,  complete  data  as  to  the  "room 
temperature"  fatigue  properties  of  structiural  materials,  and  a  few  high  temper¬ 
ature  properties,  as  determined  In  the  laboratory.  Also,  since  these  properties 
can  ^  so  radically  changed  by  so  many  different  variables,  as  discussed  In  ref. 
(1)^,  the  report  presents  for  each  Item  all  of  the  special  conditions  under  which 
Its  reported  fatigue  properties  hold  good  as  far  as  they  are  stated  In  the 
references . 


The  values  of  fatigue  strength  for  a  specified  cycle  life,  listed  under 
Se  In  the  tables,  must  of  course  be  understood  to  be  an  average  or  median  value. 
In  other  words,  only  about  one-half  of  the  specimens  tested  had  as  much  strength, 
and  the  other  half  showed  less  than  the  tabulated  strength.  In  the  few  cases  In 
which  a  value  of  the  "standard  deviation"  Is  given,  some  extrapolation  downward 
may  be  Justifiable,  but  It  must  be  done  cautiously.  Reference  (2)  should  be 
consulted  for  a  discussion  of  the  statistical  analysis  of  fatigue  data. 

1.2  The  Format  of  The  Report 


The  Information  gathered  from  the  references  Is  presented  In  tables, 
figures  and  brief  discussions.  Each  Indivldxial  value  of  Se  Is  given  a  line  In 
the  proper  table,  and  an  "Item"  number  In  the  table.  In  these  tables,  the  data 
for  each  Item  begin  on  the  left  hand  page,  and  are  continued  on  the  right  hand 
page,  on  which  the  Item  numbers  are  repeated.  Information  not  covered  by  the 
topics  In  the  tables  Is  given  In  the  brief  discussions  to  be  found  In  Sections 
II  to  VII  and  on  the  figures  referred  to  In  the  discussions,  A  list  of  the 
materials,  with  Table,  Paragraph,  and  Figure  numbers.  Is  given  at  the  back  of 
the  report. 


1.3  Notation 


A 

AC 

cpm 

Elong. 

PC 

Ht. 

ksl 

Kt 

OQ 

R* 

R 

R.A. 

RAT 

R.T. 

Se 


Sra 

St.  Dev, 
UTS 
WC 
YP 


Ratio  of  Alternating  to  Steady  Stress 
Air  Cool 

Cycles  per  minute 
Elongation  (Static) 

Furnace  Cool 
Heat 

Thousands  of  psl 

Geometric  (Theoretical)  Stress  Concentration  Factor 
Oil  Quench 

Ratio  of  Minimum  to  Maximum  Stress 
Root  Radius  of  Notch 
Reduction  of  Area  (Static) 

Reduction  of  Area,  Transverse 
Room  Temperature 

Fatigue  Strength,  Fully  Reversed  Stress,  for  Indicated 
Number  of  Life  cycles 
Mean  (Steady)  Stress 
Standard  Deviation  of  Fatigue  Strength 
Ultimate  Tensile  Strength  (Static) 

Water  cool 

Yield  Point  (Static) 


^  Manuscript  released  by  the  author  March  31,  i960  for  publication  as  a 
WADD  Report. 

2/  Numbers  In  parentheses  refer  to  the  Bibliography. 
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SECTION  II.  STEELS 


2.1  General 


Steels  given  SAE  or  AISI  numbers  are  placed  In  Tables  I  to  III. 

Other  steels^  In  general^  are  listed  as  Special  Steels  and  will  be  found  In 
Table  IV.  These  are  steels  designed  by  the  steel -makers ,  usually  for  various 
specific  fields  of  application.  Stainless  steels,  however,  have  been  clas¬ 
sified  as  Heat  Resistant  Alloys  and  listed  In  Table  V,  since  they  offer 
considerable  resistance  to  corrosion  under  high  temperature  conditions. 

The  long-life  (N  *  10^)  fatigue  strength  of  smooth  steel  specimens, 
and  also  of  specimens  notched  with  theoretical  stress  concentration  factors 
anywhere  from  2.0  to  4.0,  have  been  plotted  on  Fig.  1.  Steels  that  have  been 
carburized  or  nltrlded  are  not  plotted  on  the  figure. 

2.2  Discussion  of  Data  In  Tables  I  to  lY 

2.2.1  SAE  Steels  1008  to  4335 

Items  1-3  Ref,  3 

These  tests  on  SAE  1008  steel  were  run  primarily  to  see  If  lowe 
the  carbon  content  nearly  to  the  vanishing  point  would  lower,  or  ellmlnat  e 

"fatigue  limit"  of  the  Iron.  Fig.  2  shows  the  S-N  curves  for  the  1008  st 
before  and  after  decarburlzlng .  It  must  be  pointed  out  that  the  effect  shu^n 
on  this  very  low  carbon  steel  cannot  be  extrapolated  to  predict  the  results  of 
partial  decarburlzatlon  of  modern  high  strength  steels. 

Items  4-5  Ref.  4 

The  1020  steel  was  "hot -rolled  bar  stock  ...  of  electric  melted 
steel".  S-N  curves  are  given  on  Pig.  3. 

Items  6-23  Ref.  5 

In  this  series  of  tests  the  "cast  steels  were  supplied  in  coupon  form, 
the  wrought  steels  In  the  form  of  hot -rolled  stock".  Eight  to  eleven  specimens 
were  tested  for  each  S-N  curve.  The  tests  were  primarily  to  study  the  relative 
merits  of  cast  and  wrought  steels.  For  the  materials  tested  the  authors  con¬ 
clude  that  "there  Is  no  advantage  of  one  material  over  the  other  at  either 
small  or  large  numbers  of  cycles  when  critically  shaped  notches  are  present  In 
steels  tested  In  fatigue".  Figs.  4  to  7  give  S-N  curves  for  the  1040  steel. 

(See  also  data  on  4135,  4140,  8630  and  8640  steels). 

Items  24-30  Ref.  6 


Material  is  Smooth  2315  Steel.  Specimens  were  carburized  to  a  depth 
of  0.041"  to  0.044",  Pig,  8  shows  S-N  curves.  These  studies  were  made  In 
connection  with  studies  of  the  fatigue  of  full-scale  rear-axle  automobile 
gears.  The  gears  failed  at  fatigue  strengths,  or  lives,  much  less  than  the 
tests  predicted,  therefore  the  authors  of  reference  6  concluded  that  stress 
concentrations  due  to  designs  or  machining  marks,  etc.,  were  more  responsible 
for  the  failures  than  the  choice  of  one  steel  rather  than  another  of  those 
studied.  NOTE:  There  la  no  particular  significance  In  the  fact  that  "Item 
30"  Is  In  the  same  block  as  Item  27,  on  Fig.  8. 

Items  31-33  Ref.  6 

Material  Is  Notched  2315  Steel.  A  peculiar^ design  for  notched  R,  R, 
Moore  specimens  was  use?*!  Ilie  design  is  shown  In  Pig.  9.  Authors  of  ref.  6 
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•ayi  "SfeMMM  •  •  •  mv^  oaloulated  at  the  surface  oppoalte  the  notch.  Becauae 
of  the  ahape  of  the  cross >seoti<m  through  the  notch,  this  point  la  sore  hlipily 
atreaaed  than  In  the  center  of  the  notch.  Failure  starts,  however,  at  the 
Intersection  of  the  botton  of  the  notch  with  the  surface  where  the  stress  Is 
apparently  highest.  No  nethod  Is  known  for  calculating  stress  at  that  point; 
therefore,  the  value  obtained  for  the  surface  opposite  the  notch  was  used  In 
plotting  curves".  In  the  "Discussion”,  R.  E.  Peterson  says:  "An  Approximation 
can  be  obtained  by  means  of  the  Neuber  solution,  reference  7*  which  gives  a 
stress  concentration  factor  of  3*14  for  the  two-dimensional  case  and  3.47  for 
the  three-dimensional  case".  S-R  curves  are  given  in  Pig.  10. 

Items  34-37  Ref.  6 

Material  Is  Smooth  2330  Steel  for  Items  34-36  and  Notched  2330  Steel 
for  Item  37.  See  Items  fe4  to  33  above  for  general  discussion^  S-N  curves  for 
Smooth  Carburized  2330  are  shown  In  Fig.  11.  S-N  curve  for  Notched  carburized 
2330  Is  shown  In  Fig.  12. 


Items  38-39  Ref.  8 

The  "endurance  limits"  for  this  SAE  2340  steel  were  obtained  from  a 
few  specimens.  The  reference  shows  an  S-N  curve.  Fig.  13,  for  notched  specimens 
only,  based  on  eight  specimens. 

Items  40-44  Ref.  10 


For  this  SAE  4130  steel,  approximate  S-N  curves  for  fully  reversed 
stressing,  plotted  from  data  In  the  reference,  are  given  In  Fig.  14.  Fig.  15 
shows  the  effect  of  mean  (steady)  stresses  superimposed  on  the  alternating 
stresses.  In  general,  the  S-N  curves  upon  which  these  Items  depend  were  each 
based  on  from  five  to  ten  or  fifteen  specimens. 

Items  45-52  Ref.  5 

Discussion  of  Items  6-23  applies  also  to  these  Items  on  4135  and  4140 

steel . 

Item  53  Ref.  11 

Etching  showed  the  grain  flow  of  this  4320  steel  to  be  transverse 
to  the  axis  of  the  specimens.  Static  properties  are  given  as  determined  at 
Wright  Field  "Tested  transverse  to  the  direction  of  rolling".  Fig.  16  shows 
the  S-N  curve  as  traced  from  the  reference  report. 

Items  54-59  Ref,  12 

Thest  tests  show  the  nltrlded  notch  strength  to  be  about  triple  the 
unnltrlded  notch  strength  for  this  4320  steel.  Comparison  of  Items  56  and  55, 
or  59  and  58,  Indicates  that  Increasing  the  time  of  nltrldlng  from  8  to  I5 
hours  Increased  the  long  life  fatigue  strength  of  the  specimens  tested  by 
about  15  percent. 


Items  60 -67  Ref.  13 

Most  of  the  data  for  static  properties  of  this  4330  steel  and  all 
data  for  fatigue  properties  were  scaled  from  various  charts  In  the  reference 
report.  The  material  Is  described  as  "hot  rolled  from  commercial,  electric - 
furnace  heats".  The  S-N  curves  taken  from  the  report  are  given  on  Figs. 

17-21. 
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Ref.  14 


Itewe  68-73 

These  six  values  of  Se  for  4330  steel  Indicate  variations  among 
three  different  heats  of  steel,  and  between  longitudinal  and  transverse  speci¬ 
mens  cf  each  heat.  1%e  reference  gives  confidence  limits  for  each  Se, 
amounting  to  from  1.6  to  4.4  ksl.  These  tests  were  made  by  the  Prot  method 
which  theoretically  gives  Se  for  Infinite  life.  Static  properties  are  averaged 
from  tests  of  two  to  four  specimens.  The  small  differences  among  them  are 
probably  not  as  significant  as  they  appear  to  be. 

Items  74-77  Ref.  5 

Discussion  of  Items  6-23  applies  also  to  these  Items  on  4333  steel. 
2.2.2  SAE  Steels  4340  and  4350 

Items  1,  2  Refs.  15,16 

It  should  be  noted  that  by  changing  the  heat  treatment  the  Item  2 
steel  was  given  a  different  mlcrostructure  and  a  reduced  tensile  strength.  It 
may  be  presuBWd  that  this  accounts  for  the  reduced  fatigue  strength  of  the  Item 
2  steel.  The  method  of  computing  stresses  as  reported  In  reference  15  was  re¬ 
viewed  In  reference  l6  and  certain  Inaccuracies  pointed  out.  The  stresses 
reported  herein  are  based  on  the  findings  of  reference  l6,  both  In  the  data 
tables  and  on  the  S-N  curves.  Figs.  22  and  23. 

The  S-N  curves.  Figs.  22  and  23,  show  the  statistical  variability  of 
the  two  steels.  Note  that  the  finite  life  variability  was  obtained  by  analyzing 
constant -stress  data,  whereas  the  endurance  limit  variability  was  obtained  by 
analyzing  boiMtant-llfe  data.  A  large  number  of  specimens  was  vised  for  these 
studies,  which  gives  a  high  degree  of  confidence  to  the  results,  for  the  type  of 
specimen  used  and  the  manner  of  testing.  The  "endurance  limits"  for  these  Items 
nay  be  presumed  to  be  lower  than  would  have  been  obtained  If  the  specimens  had 
been  "round,  rotating"  Instead  of  "rectangular-cantilever".  (See  Figs.  14,  15, 
l6  of  reference  23).  The  Implication  of  the  report,  reference  15,  Is  that 
Inclusions  rather  than  surface  finish,  determined  fatigue  strength.  (Surface 
finish  Is  not  reported  for  these  specimens.}. 

Items  3-12  Ref.  17 

The  reference  reports  a  size-effect  study  on  specimens  of  SAE  4340 
steel  for  sizes  from  1/B  Inch  to  1  3/4  Inch  diameter.  There  Is  an  Implied  con¬ 
clusion  In  the  reference  that  size  effect  Is  extremely  small.  In  case  or  extra - 
pointing  from  test  results  on  specimens  In  the  neighborhood  of  2"  dlam.  to 
specimens  of  greater  size. 

Considerable  variability  appears  In  the  detailed  data  of  this  refer¬ 
ence.  The  authors  of  the  reference  believe  It  to  be  due,  at  least  to  a  consid¬ 
erable  degree,  to  nbn-vinlformlty  both  transversely  and  longitudinally  In 
metallurgical  structure  of  the  3"  diameter  bars  used  as  source  material. 
(Photomicrographs  show  pronounced  bending  In  some  of  the  longitudinal  sections.) 
This  is  thought,  by  the  authors,  to  account  for  the  dlsproportlonally  low 
endurance  limit  of  the  notched  1  3/4"  diameter  specimens. 

Fig.  24  shows  S-N  curves  from  the  reference  report.  Each  of  the 
curves,  as  shown.  Is  based  on  only  about  a  dozen  test  specimens. 

Items  13-16  Refs,  18.19.20 

Fig.  25  based  on  reference  20,  shows  Individual  S-N  curves  for  fully 
reversed  axial  tests  on  four  hardnesses  of  the  steel.  The  cuznres  for  smooth 
specimens  were  derived  by  extrapolation  from  tests  on  notched  specimens.  The 
two  curves  for  the  190  ksi  UTS  steel  represent  specimens  from  different  bars. 
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It— a  17-20  Rof.  21 

Those  stools  are  oallod  SAS  43^0  but  they  are  soaewhat  low  In  oarb<m« 
partloularly  its—  19  and  20.  This  faot  should  bo  taken  into  aoeount  In  oon- 
sldoring  either  the  static  or  the  fatigue  strengths*  both  of  which  night  have 
been  a  little  higher  if  the  carbon  had  been  chosen  to  the  usual  4340  epecifi- 
cations • 


It  is  to  be  noted  that  two  heats  of  steel  were  used*  each  hardened 
to  about  the  sane  static  strength  as  the  other.  However*  one  of  the  heats 
(itens  17  and  l8)  showed  low  ductility  in  the  direction  transverse  to  forging* 
and  correspondingly  low  fatigue  strength  in  the  transverse  direction.  This  heat 
also  showed  more  variability  in  the  transverse  tests  than  in  the  longitudinal 
tests . 


Each  value  of  Se  in  the  data  table  is  based  on  a  staircase  test  of 
about  50  specinens.  The  S-N  curves*  Pigs.  26  and  27*  were  obtained  by  conbin- 
ing  the  staircase  (2)  test  results  with  the  results*  in  each  case*  of  about  15 
additional  specinens  tested  at  constant  stress.  The  2  O*  curves  show  scatter 
in  finite  life.  Scatter  in  long-life  strength*  shown  in  the  data  table*  was 
determined  from  the  staircase  tests. 

Items  21-26  Ref.  22 


In  this  report  on  high  temperature  fatigue  tests*  a  considerable 
amount  of  data  were  obtained  on  4340  steel  at  room  temperature.  These  data  are 
presented  herein.  The  discovery  of  a  few  unusually  large  Inclusions  led  to 
considerable  study  of  the  cleanliness  of  SAE  4340  steel.  "Micro-examination 
of  the  specimens  made  by  the  metalltirgical  laboratory  of  the  Republic  Steel 
Corporation  revealed  some  fine  dispersed  globular  non-metallic  inclusions 
throughout  the  matrix  of  the  steel.  ....  the  inclusions  proved  to  be  carbor- 
undun  crystals  with  silicate  glass*  ...  which  is  probably  a  deoxidation 
product  rather  than  a  product  of  refractory  erosion.  ...  Check  tests  with 
siqpposedly  clean  material*'  submitted  by  Republic  Steel  Corporation  especially 
for  this  purpose*  revealed  negligible  influence  in  this  respect.  However*  in 
a  few  specimens  of  this  material*  submitted  by  Republic  Steel  Corporation* 
small  inclusions  of  the  same  appearance  were  found*  which  may  Indicate  that 
the  SAE  4340  steel  in  general  is  permeated  by  this  composition". 

S-N  curves*  Figs.  28  and  29*  give  information  regarding  items  21*. 23* 

24  and  26.  Data  for  items  22  and  25  were  obtained  from  tests  run  at  "zero  to 
maximum  tension".  In  such  tests*  the  mean  (steady)  stress  varies  continuously 
throughout  the  S-N  curve*  so  that  a  curve  of  the  type  of  those  on  Fig.  29  cannot 
be  drawn.  Alternating  stress-steady  stress  diagrams  (modified  Goodman  diagrams) 
are  given  for  both  smooth  and  notched  specimens  on  Fig.  30. 

Items  27.  28  Ref.  23 

Pig.  31  shows  the  "control"  S-N  curves  for  4340  steel  obtained  by 
the  authors  of  reference  23  incidental  to  the  main  purpose  of  their  tests* 
which  were  studies  of  the  effect  of  varying  amplitude. 

Items  29-39  Ref.  24 

Fig.  32  shows  results  of  tests  of  4340  steel*  especially  at  high  stress 
levels.  Heating  effects  shortened  life  of  high  stress  level  specimens  so  serious¬ 
ly  that  cpm  were  reduced*  for  them*  from  3450  to  90. 

Note  that  curves  for  items  38  and  39  show  alternating  stresses  only* 
and  that  for  any  value  shown  on  these  curves  there  was  also  a  steady  stress  of 
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magnitude  equal  to  the  maximum  tensile  alternating  component;  -  in  other  words, 
the  tests  were  "pulsating”,  l.e.,  zero  to  tension. 

Fig*  33  shows  mean  "endurance  limits"  increasing  linearly  with  UTS, 
up  to  220  ksl  UTS.  For  higher  tensile  strengths  the  "endurance  limits"  have, 
in  general,  been  found  to  increase  at  a  slower  rate  for  this  steel. 

Item  40  Ref.  25 

The  4340  steel  was  taken  from  two  propeller  shanks.  Reference  states 
that  statistical  studies  show  no  significant  difference  in  the  strength  of  the 
two  shanks,  therefore,  the  data  from  the  two  shanks  were  combined. 

Prom  Tables  II  and  III,  p.  887  of  the  reference,  data  were  taken,  and 
analysed  by  the  Step  Method  (reference  2),  which  gave  the  mean  endurance  limit 
at  10'  cycles  as  86  ksl,  and  the  standard  deviation  from  the  mean  as  8.0  ksl, 
for  this  steel  which  had  been  heat-treated  to  about  160  ksl  UTS. 

Items  41-56  Ref.  26 

The  S-N  curves  for  4340  steel  shown  on  Pigs.  34,  35,  were  "drawn 
separately  by  inspection  in  order  to  represent  the  trend  of  the  data". 

The  effect  of  steady  stress,  as  shown  in  the  reference,  is  shown  on 
Pigs.  36,  37.  Of  course,  stresses  plotted  to  the  right  of  the  yield -point 
boundary  are  more  of  the  nature  of  modulus -of -rupture  points,  since  the  nominal 
formula  used  for  calculating  them  (Me A)  does  not  apply  in  the  plastic  region. 

Note  that  torsional  steady  stress,  according  to  Pig.  37,  appears  to  have  only 
a  slight  effect  on  torsional  alternating  stress. 

Items  57-62  Refs.  27.28 

S-N  curves  for  4340  steel  are  shown  on  Pigs.  38,39*40.  At  least  280 
specimens  were  used  in  determining  each  of  the  six  S-N  curves  on  these  figures. 
Between  170  and  200  additional  specimens  were  tested  and  the  results  used  in 
determining  the  values  of  Se  for  each  of  the  items  37,  39,  and  61.  This  gives 
an  untisual  degree  of  reliability  to  these  values  of  Se,  but  only  for  the  single 
heat  from  which  all  of  the  specimens  were  taken. 

Items  63-67  Ref.  29 

The  S-N  curves  for  4340  steel,  for  items  63  and  64,  appear  on  Pig.  41. 
Two  hundred  or  more  specimens  were  used  for  each  of  the  S-N  curves.  The  tests 
were  made  to  "investigate  the  actual  fatigue  behavior  of  SAE  4340  steel  in  what 
has  been  reported  to  be  a  brittle  range".  The  reference  states  that  "the  re¬ 
ported  brittleness  of  the  230  ksl  UTS  steel  tested  is  perhaps  not  so  serious  as 
had  been  thought". 

Por  items  63  and  66,  the  S-N  curves  are  given  on  Fig.  42.  About  430 
specimens  of  vacuum  melted  steel  were  tested  for  each  of  the  curves.  Attention 
is  called,  in  the  reference,  to  the  fact  that  "the  notches  cut  in  the  'notched* 
vacuum  melted  specimens  reduced  the  life  and  strength  of  the  steel  to  practical¬ 
ly  the  same  values  previously  fowid  for  the  air-melted  steel". 

The  steel  used  for  item  67  was  made  by  the  consxunable  electrode  method. 
Only  20  specimens  were  tested  and  the  reference  suggests  that  the  value  of  Se 
as  determined  by  an  abbreviation  of  the  Prot  method  is  subject  to  some  uncertainty. 

Items  68-71  Ref.  30 

These  tests  of  the  transverse  fatigue  properties  of  SAE  4340  steel 
were  made  on  steel  from  the  same  heat  that  was  used  for  items  37-72.  The  purpose 
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IMP  %n  tiMWttHti  tip  MOatlv*  9tf»Qt  of  QMiHMaiMble  spioroidal  Inolualom 
<p  tpintVirao  m  0<mpunK1  with  lonsitadliPl  speolaoiw.  Tho  roferonoo  conoludos 
PMt  ^bt  noa^MOlMiblo  Inolusions  In  tho  prooont  oteelo  aro  not  lp>ortant  oauaea 
aaimotropj",  S-Jf  ourvoa  fw  the  four  different  hardneaaee  are  given  In  Pigs. 
tS  to  t6. 


Itene  72-75  Ref,  5 

Theae  itena  ahoe  the  effeot  of  different  heat  treatments  on  smooth 
and  notched  4340  steel. 


Items  76-85  Ref.  14 

These  ten  values  of  Se  for  4340  steel  Indicate  variations  among  five 
different  heats  of  steely  and  between  longitudinal  and  transverse  specimens  of 
each  heat.  The  reference  gives  95i}6  confidence  limits  for  each  Se.  amounting 
to  from  2.0  to  3.8  Icsl.  These  tests  were  made  by  the  Prot  method,  which  theoret¬ 
ically  gives  Se  for  Infinite  life.  Static  properties  are  averaged  from  tests  of 
two  to  four  specimens.  The  small  differences  among  them  are  probably  not  as 
significant  as  they  appear. 


Items  86-87  Ref,  29 

The  S-N  curves  for  this  4350  steel,  shown  on  Pig.  47.  are  based  on 
about  250  smooth  and  250  notched  specimens. 

Items  88-95  Ref.  14 

These  eight  values  of  Se  for  4350  steel  Indicate  variations  among  fo\ir 
different  heats  of  steel,  and  between  longitudinal  and  transverse  specimens  of 
each  heat.  The  reference  gives  95^  confidence  limits  for  each  Se«  amounting  to 
from  3.5  to  4.5  ksl.  These  tests  were  made  by  the  Prot  method  which  theoretical¬ 
ly  gives  Se  for  infinite  life.  Static  properties  are  averaged  from  tests  of 
two  to  foxir  specimens.  The  small  differences  among  them  are  probably  not  as 
significant  as  they  appear  to  be. 

2.2.3  SAB  Steels  52100  to  98b40 

Items  1-22  Ref.  32 


Each  S-N  curve  of  the  22  that  are  shown  on  Figs.  48  and  49  was  drawn 
to  represent  either  7  or  8  specimens.  There  Is  not  enough  Information  to  warrant 
any  assumption  as  to  the  variances  of  the  "fatigue  strengths"  listed  In  Table 
III.  (The  fatigue  strengths  are  given  as  listed  In  the  reference  repo]:*t.) 
Tentative  conclusions,  as  to  the  effect  of  various  degrees  of  gentleness  In 
surface  finishing,  as  shown  In  the  table  below,  are  drawn  In  the  report,  but  It 
Is  shown  that  the  differences  are  so  small  In  many  cases  that  they  may  not  be 
significant.  Much  greater  differences  occur,  in  general,  between  the  tests  of 
round  and  of  flat  specimens  of  the  same  material.  In  addition  to  the  effeot  of 
shape,  there  may  be  some  small  difference  chargeable  to  the  difference  In  the 
speeds  of  testing  round  and  flat  specimens. 


Item 

Surface  Treatment  of  Specimens  Tested 
for  Figs.  40.  49 

Surface  Treatment 

Type 

No.  Of 
Specimens 

1 

Gentle  grind  &  shot  peen 

Round 

8 

2 

Gentle  grind 

tt 

7 

3 

Gentle  grind  ft  tumble 

If 

4 

4 

Dry  grind 

n 

8 

5 

Gentle  grind  is  hand  polish  is  heat  treat. 

ti 

7 

6 

Gentle  grind  is  hand  polish 

n 

7 
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Surface  Tr»at— nt  of  Sp»ol— n»  Tested 
for  Him,  eg  t continued 


No.  of 


Item 

1 

0 

• 

Treatment 

Type 

Specimens 

7 

Oentle 

grind 

Flat 

8 

8 

Oentle 

grind 

& 

hand  polish 

H 

8 

9 

Severe 

grind 

If 

8 

10 

Sevdre 

grind 

k 

hand  polish 

n 

8 

11 

Oentle 

grind 

ft 

hand  polish 

Round 

7 

12 

Oentle 

grind 

ft 

tumble 

II 

7 

Oentle 

grind 

ft 

shot  peen 

If 

7 

14 

Oentle 

grind 

It 

8 

Oentle 

grind 

ft 

hand  polish  ft  heat  treat. 

H 

6 

16 

Oentle 

grind 

ft 

grit  blast 

If 

7 

Severe 

grind 

ft 

shot  peen 

Flat 

8 

18 

Oentle 

grind 

ft 

shot  peen 

If 

8 

19 

Severe 

grind 

ft 

tumble 

II 

8 

20 

Oentle 

grind 

It 

8 

21 

Oentle 

grind 

ft 

electropollsh 

It 

8 

22 

Severe 

grind 

If 

8 

Itenm  23-26  Ref.  32 

The  four  sets  of  epeolmene  were  out  from  a  tube  of  3  5/8”  O.D.  and 
3/B”  I.D.«  80  that  Itema  23  and  23  were  from  the  bore  of  the  tube  and  Items  24 
and  26  were  from  the  outside  of  the  tube. 


Items  27-32  Ref.  33 

A  ooiq>rehen8ive  study  by  Styrl  on  52100  steel.  Particular  attention 
Is  given  to  the  apparent  laok  of  an  endurance  limit  for  this  steel  In  the  high 
hardness  state,  ^  Rc  60,  -  and  to  the  very  considerable  scatter  In  the  test 
results.  Fig.  30  shows  tests  apparently  comparable  with  R.  R.  Moore  rotating 
cantilever  tests.  Size  of  specimens  Is  not  stated.  A  supplementary  set  of  tests 
was  run  on  a  special  (vacuum)  melt  of  32100  to  see  If  the  size  of  Inclusions 
affected  the  degree  of  scatter.  ”A  wide  scatter  appears  here  also.  In  spite  of 
the  great  reduction  In  size  of  foreign  Inclusions", 

Items  33-40  Ref,  5 

The  discussion  of  Items  6-23  In  paragraph  2.2.1  applies  also  to  these 

Items  on  8630  and  8640  steel.  S-N  cxxrves  for  cast  8630  steel  are  given  In  Pigs. 
51  and  52,  and  for  wrought  8640  steel  In  Pigs,  53  and  54, 

Items  41-42  Ref.  8 


In  the  case  of  the  boron  steel  14B30,  the  reference  shows  an  S-N 
curve.  Pig.  55,  for  smooth  specimens  only. 

Items  43-52  Ref.  13 

Por  the  data  In  Table  III  on  this  boron  steel,  98b40,  values  were 
scaled  from  graphs  In  the  reference  repoz*t.  Figs.  36-60  show  the  S-N  curves 
as  given  In  the  report. 
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Itema  1-6  Ref.  34 

S-N  curves  for  these  tests  of  Trlcent  Steel  (now  called  300>M)  are 
given  on  Fig.  61.  Also  on  the  figure  are  the  cxirves  for  notched  specimens  of 
Kt  ■  3f  5#  and  8.  The  S-*N  curves  appear  In  the  reference  up  to  10”  cycles  only, 
but  as  they  are  drawn  it  Is  reasonable  to  assume  they  would  not  show  much  de¬ 
crease  in  values  of  Se  If  they  had  been  carried  out  to  107  cycles. 

Items  7-9  Ref.  29 

The  two  items  7  and  8  on  Trlcent -Steel  apply  to  steel  of  about  the 
same  tensile  stz^ngth  as  that  of  Item  1.  There  Is  about  15  percent  difference 
between  values  of  Se  for  these  items  and  that  of  Item  1.  Attention  should  be 
given  to  the  many  differences  between  the  conditions  of  heat  treatment,  testing 
procedures,  etc..  In  attempting  to  account  for  the  differences  In  fatigue 
strength. 


Item  9«  Super  Hy-Tuf,  was  tempered  at  the  same  temperature  as  was  Item 
5,  but  was  partially  stress  relieved  (300*^?).  However,  It  has  about  the  same 
fatigue  strength  as  Item  5. 


Items  10-13  Ref.  34 


S-N  curves  for  these  steels  are  given  on  Figs.  62  and  63  for  both 
smooth  and  notched  specimens. 

Items  14-17  Ref.  13 

Data  for  the  Hy-Tuf  and  Super  Hy-Tuf  steels  were  scaled  from  charts 
in  the  reference.  S-N  curves  are  given  in  Pigs.  64-65. 
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SECTION  III,  HEAT  RESISTANT  ALLOYS 


3,1  General 


Many  of  the  fatigue  atrength  values  given  In  Table  V  for  these  heat 
resistant  alloys  are  the  room  temperature  strengths  of  materials  that  had  been 
prepared  for  high  temperature  testing.  The  term  "Heat  Resistant"  Is  not  well 
defined,  and  the  Inoluslon  of  such  alloys  as  are  listed  In  Table  V  Is  rather 
arbitrary.  Items  64  to  74  of  Table  XII,  6?  to  86  of  Table  XIII,  and  51  to  63 
of  Table  XIV  might  have  been  Included  In  Table  V. 

3,2  Discussion  of  Data  In  Table  V 


Items  1-4  Ref.  35 

The  effect  of  nltrldlng  this  Perrovac  WB-49  steel  Is  shown  graphically 
on  Pig.  66.  Notched  fatigue  strength  Is  considerably  Increased  by  th^  nltrld¬ 
lng. 


Items  5-6  Ref.  36 

The  fatigue  data  for  this  GMR-235  "high  temperature”  alloy  given  In 
Table  V  are  room  temperature  fatigue  properties  of  a  material  that  had  been 
prepared  for  testing  at  temperatuz^s  of  1200Op  and  I650OP.  Room  temperature 
S-N  curves  are  given  on  Pig.  67  together  with  two  other  alloys. 

Item  7  Ref.  37 

Por  Halmo  tool  steel  the  reference  gives  a  small  S-N  curve  Indicating 
that  the  fatigue  strength  at  10°  cycles  la  appreciably  lower  than  at  107  cycles. 
The  curve  Is  based  on  abput  a  dozen  and  a  half  specimens. 

Items  8-9  Ref.  36 

Comments  on  Items  3-6,  above,  apply  to  this  Hastelloy  R>233  alloy. 

See  Pig.  67  for  S-N  curve. 


Items  10-11  Ref.  38 

S-N  curves  for  H-11  alloy  bar  steel  are  given  on  Pig.  68.  Special 
attention  should  be  given  to  the  scale  of  stresses  on  this  flguire.  They  show 
the  combination  of  steady  and  alternating  stresses  at  the  various  stress 
levels.  Note  that  as  steady  stresses  Increase,  the  alternating  stresses  also 
Increase. 


Item  12  Ref.  35 

An  S-N  curve  for  this  H-23  steel,  based  on  I07  specimens.  Is  given 
on  Fig.  69. 

Items  13-14  Refs.  39.  38 

The  data  on  Inconel  X  come  from  two  references.  Regarding  Item  13* 
the  authors  of  reference  39  made  "exploratory  tests  on  several"  heat  resistant 
materials  (S-816,  Inconel  X,  Type  403*  TP-2B*  TP-2-R).  Por  each  of  the  room 
temperature  S-N  curves  on  Pig.  70*  they  used  five  or  six  specimens,  'They 
say:-  "Although  the  scatter  In  the  fatigue  data  Is  generally  relatively  small* 
these  data  must  be  considered  only  approximate  since  so  few  specimens  were 
used  for  each  curve". 
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flM  S'*!  o«nr«  for  Ino«Ml  Xt  derived  froa  reference  3B,  etiowe  a 
eoibiMtiMi  of  eteady  and  altexviatli^  atreaaea  on  Pig.  71. 

Iteme  15-16  Ref.  40 

Values  of  Se  for  the  Inconel  X-550  were  scaled  from  the  S-N  curves 
on  Pig.  72. 


Items  17-26  Ref.  41 

These  items  give  high  temperature  (1700*^p)  data  on  cast  Inconel 
713c.  The  S-H  curves.  PigsTlT,  7^.  were  derived  from  figures  given  In  the 
reference.  Whereas  the  reference  figures  show  crest  stresses  (steady  plus 
alternating).  Pigs.  73.  74  show  the  separate  components  of  crest  stress. 
Notice  that  there  are  two  scales  on  Pig.  73.  one  for  the  lower  pair  of  citrves 
which  show  the  effect  on  reversed  stresses  at  1700°P.  the  other  scale  for  the 
upper  pair  of  curves  which  show  the  effect  (creep)  of  a  steady  stress  only 
(A  •  0). 

Item  27  Ref.  42 

S-N  curves  for  Lapalloy.  and  two  other  alloys  for  comparison,  are 
given  on  Pig.  75.  Note  that  each  curve  Is  based  on  a  small  number  of  speci¬ 
mens. 

Item  28  Ref.  37 

Por  M-1  steel  the  reference  gives  a  small  S-N  curve  Indicating  that 
the  fatigue  strength  at  10^  cycles  Is  appreciably  lower  than  at  10'  cycles. 
The  curve  Is  based  on  about  a  dozen  and  a  half  specimens. 

Item  29  Ref.  37 

Por  K7-1  steel,  the  comment  above  In  Item  28  applies. 

Items  30-33  Ref,  35 

The  M-10  steel,  whose  S-N  c^lrves  are  given  In  Pig.  76.  shows  consld 
erably  more  Improvement  In  notched  fatigue  strength  after  nltrldlng  than  Is 
shown  In  the  WB-49  steel  (Items  1-4). 

Items  34-35  Ref.  43 

S-N  curves,  based  on  five  or  six  specimens  each,  for  the  N-155 
alloy  are  given  on  plg.  70.  The  authors  of  the  reference  say;-  "Since  only 
a  small  number  of  points  were  obtained  for  each  curve,  the  diagrams  presented 
are  only  approximate". 


Items  36-37  Ref.  38 

The  S-N  ouz*ves.  Fig.  77.  for  PH  15’'7  Mo  Stainless  Steel  show  the 
combined  steady  and  alternating  stress  separately  on  the  scale  of  stresses. 
Note  that  the  steady  stresses  Increased  as  the  alternating  stresses  Increased 

Items  38-39  Ref.  38 

Comments  on  Items  36-37.  above,  apply  to  Pig.  78  for  17-7  PH  steel. 
Items  40-45  Ref.  44 

Although  It  may  appear  that  the  change  In  grain  size  of  this 

Refractalloy  26  Is  responsible  for  the  sharp  decrease  In  long-life  strength 
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of  the  •Booth  spoolBenB^  the  author  of  the  reference  points  out  that  "the  two 
grain  slses  were  obtained  by  using  two  different  solution  treatments"  (see 
table  V ) •  He  goes  on  to  say: •  " Consequent ly«  It  Is  possible  that  there  may 

be  aetallurgloal  dlsslBllarltles  other  than  grain  size".  S>N  curves  are  given 
on  Fig.  79. 


Items  46-63  Refs.  39.^2.40 

The  data  on  S-8l^  alloy  oome  froB  three  references.  Item  46  Is  one 
of  the  materials  mentioned  In  the  discussion  of  Items  13-14.  above.  The  S-N 
ourves  are  shown  on  Fig.  70. 

For  Item  47.  an  S*N  curve  Is  shown  on  Fig.  75.  together  with  two 
other  alloys  for  comparison.  Note  that  each  curve  is  based  on  a  small  number 
of  specimens. 

S-N  curves  for  Items  48>50  are  given  on  Fig.  80.  The  values  of  Se 
In  Table  V  were  scaled  from  Fig.  80. 

The  data  for  Sm  and  Se  for  Items  5I-63  were  derived  from  values 
scaled  from  S-N  cxirves  of  "crest"  stresses  In  the  reference.  Each  curve 
was  based  on  at  least  five  specimens  but  In  no  case  more  than  ten  specimens. 

Items  64-67  Ref.  4 


The  Sandvlk  steel  was  supplied  to  the  Investigator  by  Sandvlkens 
JemwerkB  Aktlebolag.  Sandvlken.  Sweden.  S-N  curves  for  smooth  and  notched 
specimens  and  for  two  heat  treatments  are  given  on  Fig.  81.  Varying  the  heat 
treatment  affected  the  fatigue  strength  of  smooth  specimens  appreciably,  but 
not  the  notched  ones. 


Items  68-70  Ref.  45 


The  material  Is  347  stainless  steel.  The  S-N  curves  on  Fig.  82. 
derived  from  ourves  In  the  reference,  show  the  steady  and  the  alternating 
components  of  the  stress,  on  the  stress  scale.  Note  that  the  steady  stress 
Increases  as  the  alternating  stress  Increases. 

Items  71-77  Refs.  45.39.42,40 

The  data  on  403  stainless  steel  were  collected  from  four  references. 
For  Items  71-73.  S-N  ourves  on  Fig.  83  show  the  steady  and  the  alternating 
c<»iponents  of  the  stress. 

For  Item  74.  an  S-N  curve  Is  shown  on  Fig.  70.  This  Is  one  of  the 
materials  referred  to  In  the  discussion  of  Items  13-14.  above. 

Item  75#  403  stainless  steel,  appears  on  Fig.  75  as  one  of  three 
alloys  shown  on  the  figure  for  comparison.  Note  that  each  curve  Is  based  on 
a  small  number  of  specimens.  Attention  Is  called  to  the  different  values  of 
Se.  at  2(10i)  cycles.  In  Items  74  and  73.  This  primarily  due  to  differences 
in  heat  treatment  of  this  martensitic  steel. 

Items  76.  77  refer  to  fatigue  strength  at  two  different  values  of 
cycle  life  for  403  stainless  steel  heat  treated  much  the  same  as  the  steel 
In  Item  75. 


Items  78-80  Ref.  40 

The  "scatter  diagrams"  of  the  tests  of  Stellite  31  showed  "relatively 
large  scatter"  which  the  reference  says  Is  "not  unusual  for  cast  materials  and 
is  probably  due  to  the  large  primary  grain  size".  The  S-N  curve.  Fig.  84.  show 
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•a  iBvmion  et  stowigthf  for  long-llfo  notohod  opeolMma,  that  ooold  perhaiM  bo 
atooooiltod  tw  hr  tho  larco  aoattu'  In  a  rolatlooly  anall  nunbor  of  apooinons. 
Valnoa  of  8o  la  Vahlo  ▼  wort  sealed  froa  Pig.  84. 

ItoM  81-83  Ref.  40 

Values  of  So  for  this  16-25-6  Tlnken  Alloy  were  scaled  from  the  S-N 
curves  on  Fig.  86. 


Items  84-85  Ref.  39 

These  heat  resistant  materials  TP-2B  and  TP-2-R  (molybdenum  with  and 
without  tungsten)  are  among  those  referred  to  In  the  discussion  of  Items  13-14. 
Their  S-N  curves  appear  on  Fig.  70. 

Items  86-87  Ref.  36 

Comments  on  Items  5-8«  above,  apply  to  this  Udlmet-500.  The  S-N 
curves  appear  on  Fig.  67* 

Items  88-90  Ref.  40 

S-N  curves  for  this  6.3^  Mo-Waspalloy  are  given  on  Pig.  83.  Values 
of  Se  In  Table  V  were  scaled  from  Fig.  85. 

Items  91-102  Ref.  46 

These  are  evaluation  tests  of  General  Electric’s  heat  resistant  nickel 
base  alloy  Rene  41,  at  room  and  at  high  temperatures.  Two  heats  of  this  alloy^ 
were  tested,  but  because  of  the  small  number  of  specimens  available  the  variation 
between  the  heats  could  not  be  investigated  completely.  The  values  of  Se  given 
In  Table  V  were  scaled  from  the  S-N  curves  given  In  Pigs.  87,  88,  89.  curves 
on  Fig.  87  show  fully  reversed  tests.  Those  on  Figs.  88,  89,  show  steady  loads 
combined  with  alternating  loads. 

The  speed  of  testing  Is  not  given  In  the  reference,  therefore  total 
elapsed  time  for  10'  cycles  caimot  be  stated.  The  "creep"  effect  presumably 
would  be  considerable  at  the  high  temperatures  used,  and  would  depend  upon 
elapsed  time.  This  suggests  caution  In  using  the  values  of  Se  given. 
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SECTION  IV.  ALUMINUM  ALLOYS 


4,1  General 


The  titles  of  Tables  VI  to  XI  list  the  respective  aluminum  alloys 
according  to  the  present  Alcoa  number  code*  but  give  also,  in  parentheses, 
the  corresponding  former  code  number.  Within  the  tables,  in  the  discussions, 
and  on  the  figures,  the  code  numbers  used  by  the  respective  references  appear. 

4,2  Disousaion  of  Data  In  Tables  VI  to  XI 

4,2,1  Aluminum  Alloy  2014  (I4s) 

Items  1-2  Ref.  4? 


** Extruded"  material  -  smooth  -  surface  polished  but  smoothness  not 
measxired  although  "believed"  to  be  about  20  micro-in.  Pig.  90  shows  tests  on 
same  material,  under  similar  conditions  excepting  shape,  machine,  and  speed. 
("Sharp  edges  in  the  gage  section  were  broken  with  emery  paper".)  Note  that 
only  nine  specimens  were  tested  for  each  S-N  curve. 

Items  3-6  Ref.  48 


S-N  curves  for  smooth  and  notched  specimens  are  given  on  Pig.  91. 

The  effect  of  steady  stress  on  the  10'  cycle  strength  of  this  2014 -t6  material 
is  shown  on  Pig.  92. 


Items  7-10  Ref,  49 

The  S-N  curves.  Fig.  93*  show  small  differences  between  longitudinal 
and  short  transverse  fatimue  properties  for  this  hand  forged  2014 -T6  alloy. 
(The  forgings  were  3"  x  6*^  x  38"  in  size.)  Similar  ctirves  are  shown  on  Figs. 
123  and  130  for  other  aluminum  alloys. 

4,2.2  Aluminum  Alloy  2024  (24S) 

Items  1-4  Ref.  50 


These  items  show  the  effect  of  certain  surface  treatments  on  the 

alloy. 

The  anodizing  process  was  as  follows: 

1.  Clean  with  hot  caustic  soda  bath. 

2.  Immerse  in  155^  H2SO4  both  at  70°?, 

3.  Seal  in  water  at  185®?, 

For  anodized  and  painted  specimens,  a  fourth  step: 

4.  Paint  with  zinc-chromate  primer  and  normal  finishing 
of  Preparakote. 

Microscopic  examination  of  anodized  surface  showed  that  "entire 
surface  was  pitted". 

The  reference  showed  S*N  curves  from  10^  to  107  cycles,  for  which 
13  to  16  specimens  were  used  for  each  curve. 

The  specimens  used  for  items  3  and  4  were  subjected  to  corrosion 
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<kvapixig  thm  stTMalnf  ^  "mllowinc  plain  tap  «atw  to  drop  aloMly  upon 

an  ontranaly  ll^t -wallet  «iok  in  oontaot  with  ttaa  apaolaan". 

lha  autlior  of  rafaranee  50  oonoludaa  that  anodizing  la  datrlnantal. 
Aa  a  mttar  of  faot«  tha  anodized  apaclnana  (Itan  2)  appear  to  have  about  the 
aana  atrangth  aa  apaolmana  aubjaotad  to  tap  water  oorroalon  (Itan  3). 

Item  5  Ref,  51 

The  ourvea^  Flga.  94,  95  are  for  notched  Alolad  24S>T3.  They  were 
traced  from  reference  51* 


Itema  6,  7  Ref,  52 

Item  6  la  Alclad  and  Item  7  la  Bare  24S-T3.  The  type  of  teatlng 
machine  used  made  It  Impoaalble  to  run  a  teat  at  abaolutely  zero  mean  atreaa 
and  conatant  amplitude.  However,  the  varlatlona  were  of  about  the  aame  order 
aa  the  acatter  ahown  on  the  S-N  ourvee.  Pig.  96,  which  were  traced  from  the 
reference  report. 


Itema  8-9  Ref.  47 

"Extruded"  material  •  amooth  -  aurface  pollahed  but  amoothneaa  not 
meaaured  although  "believed"  to  be  about  20  mloro>ln.  Pig.  97  ehowa  teata  on 
thla  material,  under  aame  oondltlona  excepting  ahape,  machine,  and  apeed. 
("Sharp  edgea  In  the  gage  aectlon  were  broken  with  emery  paper".)  Only  6  or 
8  apeclmena  were  teated  for  each  S*N  curve. 

Itema  10-13  Ref.  48 

"Rolled"  material  -  amooth  and  notched  apeclmena  of  Alloy  24s >T4. 

Pig*  98  ahowa  S-N  curvea  for  zero  mean  atreaa.  The  reference  report  glvea 
alao  S-N  curvea  for  varloua  conatant  ratloa  of  alternating  to  mean  atreaa. 

In  thla  type  of  graph  the  mean  (ateady)  atreaa  la  changing  contlnuotuly 
throughout  the  graph.  Therefore,  theae  curvea  are  not  reproduced  herein,  but 
the  equivalent  Information  for  IQT  cycle  life  la  given  In  Pig.  99, 

Itema  14-18  flefa.  9.10.53.54 

Material,  24S-T3,  commercial  aheet,  0.090"  thick.  Each  S-N  curve 
dependa  upon  from  5  to  12  or  15  teata.  Authora  believe  ttuit  errora  In  load 
valuea  do  not  exceed  ^5$t. 

Pig.  100  ahowa  S-N  curvea  for  fully  reveraed  loading.  Pig.  101  ahowa 
the  effect  of  mean  (ateady)  atreaa  In  reducing  the  alternating  atreaa. 

Itema  19-21  Ref.  55 

Material  la  24S-T4  hot -rolled  aluminum  alloy.  The  authora,  by  alow 
bend  teata  on  apeclmena  fatigued  part -way  toward  failure,  determined  that 
24s -T4  haa  auperlor  energy  -  abaorptlon  capacity,  compared  with  75s -T6,  and 
lower  notch-aenaltlvlty.  However,  by  re-heat  treating  24s  to  approximately 
the  hardneaa  of  75S-T6,  It  waa  made  to  behave  cloaely  like  75S-T6. 

Pig.  102  ahowa  S-N  curvea  for  amooth  and  for  notched  24S-T4,  for 
fully  reveraed  stresses. 


Items  22-23  Ref.  56 

Axial  tests  are  reported  In  the  reference  at  veu:>lous  "stress- 
ratios",  l.e,,  combinations  of  steady  and  vibratory  components  of  stress. 
Pigs,  103  and  104  were  plotted  from  Table  8  of  the  reference. 
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Item  24 


5Sli-5I 

The  material  tested  was  thin  24S-T3  aluminum  alloy.  Tests  were  znin 
at  three  significantly  different  rates  In  cpm,  as  shown  on  Pig.  103.  It  Is 
probable  that  the  S-N  curve  would  actually  be  three  different  curves.  If  a 
complete  set  of  tests_had  been  made,  at  each  of  the  three  rates  of  cpm,  for  the 
range  N  >  1  to  N  «  10'  cycles.  No  Information  Is  given  as  to  the  variability 
of  the  material.  The  reversal  of  stress  from  the  tests  at  less  than  30  cpm 
was  not  sinusoidal.  Typical  load-tlme  curves,  traced  from  the  reference,  are 
shown  In  Fig.  106. 

4,2.3  Aluminum  Alloy  6o6l  (6lS) 

Items  1-4  Ref.  58 


The  S-K  curves  on  Figs.  107  and  108  show  the  effect  of  "zero  to 
tension”  stressing  on  the  fatigue  strength  of  the  alloy.  The  cva>ve  for  Item 
3,  based  on  only  three  specimens,  roust  be  taken  as  less  precise  than  the  other 
curves.  The  stress  scale  for  Fig.  106  shows  the  steady  component  separately 
from  the  alternating  component. 

Items  5-7  Ref.  45 

Curves  for  these  "zero  to  tension"  tests  on  sheet  61S-T6  alloy, 
shown  on  Fig.  IO9,  are  based  on  larger  numbers  of  specimens  than  those 
discussed  above.  However,  they  are  not  pairtloularly  different  In  the  region 
lo3  to  107  cycles. 

4,2.4  Aluminum  Alloy  7075  (75S) 

Item  1  Ref.  51 

The  S>N  curves  shown  on  Figs.  110,  111,  are  for  notched  Alclad 
alloy  75S-T6,  They  were  traced  from  ref.  51. 

Items  2~13  Ref.  47 

These  Items  come  from  a  study  of  the  effect  of  type  of  specimen  on 
fatigue  properties  of  75S'T6  alumlniuD  alloy.  It  must  be  pointed  out  that  the 
test  results  depend  upon  not  only  the  type  of  specimen  but  also  the  type  of 
testing  machine  and  the  speed  of  testing. 

Pig.  112  shows  results  of  tests.  Items  2  and  3,  on  extruded  "75-'5“T", 
The  surfaces  were  polished  but  the  smoothness  was  not  measured,  although  It 
was  "believed"  to  be  about  20  mlcrc -Inches.  "Sharp  edges  In  the  gage  section 
were  broken  with  emery  paper".  From  7  to  11  specimens  were  used  for  each 
S-N  curve.  For  75S-T6  plate  material,  S-N  curves  are  given  on  Pig,  113 . 

Prom  10  to  20  specimens  were  used  for  each  of  these  curves. 

Items  14-18  Refs,  9.10.53.54 

The  material  Is  75S-T6,  commercial  sheet,  O.090"  thick.  Each  S-N 
curve  depends  upon  from  5  to  12  or  I5  tests.  The  authors  believe  that  errors 
In  load  values  do  not  exceed  ^5^. 

Fig.  Tl4  shows  S-N  curves  for  fully  reversed  loading.  Fig.  115 
shows  the  effect  of  mean  (steady)  stress  In  reducing  the  alternating  stress. 

It  should  be  noted  that  the  cvirves  on  Fig.  115  are  for  the  most  part  concave, 
which  suggests  that  the  straight -line  "Goodman"  diagram  may  not  be  conservative 
In  all  oases. 
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91m  Mt«rlal  is  75S-96  hot-roUsd  alminus  alloy.  The  authors,  by 
slow  bsad  tosts  on  spoolamis  fatlguod  part -way  toward  failure,  detemined  that 
758-^  has  poorer  mergy-absarptim  oapioXCythan  2tS-T4,  and  higher  notoh> 
sonsitiwity.  Howewer,  by  reheat -treating  75S  to  approxinately  the  hardness  of 
248-94,  it  was  nadle  to  behate  closely  like  24S-T4.  Fig.  116  shows  S-K  curves 
for  saooth  and  for  notched  hot -rolled  758-96,  for  fully  reversed  stresses. 

Items  22-24  Ref.  59 

Fig.  117  shows  S-N  curves  for  saooth,  and  for  notched,  758-96  Rolled 
and  Drawn  Rod.  9he  plotted  test  points  showed  no  apparent  difference  between 
longitudinal  and  transverse  specimens.  I^e  crosses  show  anodic  coatings,  of 
thickness  as  follows:  X  ■  0.00009"  thick;  +  >  0.0005"  thick.  Authors  conclude 
that  the  thin  coat  may  be  beneficial  to  smooth  specimens,  -  and  that  notched 
specimens  are  net  particularly  sensitive  to  either  thin  or  thick  coatings. 

Fig.  118  shows  S-N  curves  for  75S-96  Extruded  Bar.  Here,  as  in 
Fig.  117,  the  thin  coat  of  anodizing  material  appears  to  slightly  Improve  the 
fatigue  strength  of  the  alloy. 

Item  25  Ref.  23 

Fig.  119  shows  the  "mean"  S-N  curve  and  the  "scatter  band"  for  a 
total  of  30  specimens,  caution:  A  "scatter  band"  is  not  a  "probability" 
curve".  Its  width  depends  upon  the  variability  of  the  material  and  the  number 
of  specimens  tested.  Increasing  the  number  of  specimens  usuallyn^creases 
the  width  of  scatter  bands.  For  the  material  used  in  these  tests  the  heat 
treatment  was  not  given,  but  the  static  properties  are  about  the  same  as  others 
given  in  the  data  table  for  758-96  aluminum  alloy. 

Item  26  Ref.  60 

9he  material  is  75S-96.  Fig.  120  shows  the  results  of  testing  large 
numbers  of  specimens,  plotted  on  logarithmic  normal-probability  paper,  ■nie 
lines  are  by  no  means  straight,  but  by  using  a  best -fit  straight  line  for  each 
stress  level,  S-N  curves  were  plotted  as  shown  in  Fig.  121. 

Item  27  Ref.  57 

Material  tested  was  75S-96  Aluminum  Alloy.  9ests  were  run  at  three 
significantly  different  rates  in  cpm,  as  shown  on  Pig.  122.  It  is  probable 
that  the  S-N  curve  would  actually  be  three  different  curves,  if  a  complete 
set  of  tests  had  been  made,  at  each  rate  of  cpm,  for  the  range  N  ■  1  to 
N  >  10'  cycles.  No  information  is  given  as  to  the  variability  of  the  material. 
The  reversal  of  stress  for  the  tests  at  less  than  50  cpm  was  not  sinusoidal. 
Typical  load-time  curves,  traved  from  the  reference,  are  shown  in  Fig.  106. 

Items  28-31  Ref.  49 

9he  S-N  curves.  Fig.  123,  show  considerable  difference  between 
longitudinal  and  short  transverse  smooth  specimens  of  the  hand  forged  alloy, 
b^  no  significant  difference  for  notched  specimens.  (The  forgings  were  3"  x 
6"  X  38"  in  size.)  Similar  cxirves  are  shown  on  Pigs.  93  and  130  for  other 
aluminum  alloys. 
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Rtf.  61 


ItWM  1»9 

This  aatarial  is  76s-T61»  originally  designated  as  m68,  and  referred 
to  in  reference  62  as  X76S-T. 

Fig*  124  shows  S«N  curves  for  bending^  without  and  with  siq>eri^>osed 
steady  bending  stresses. 

Fig.  125$  siailarly«  shows  S-H  curves  for  torsion,  without  and  with 
superiag>ooed  steady  torsion  stresses.  Reference  6l  also  gives  various  tables 
and  curves  showing  oowbinations  of  alternating  bending  and  torsion  with  super¬ 
imposed  steady  bending  and  torsion* 

Iteas  10-21  Ref.  62 


These  tests  were  run  in  1941  or  1942,  on  waterial  that  at  that  time 
was  designated  X76S-T. 

It  will  be  noticed  that  the  composition  and  heat  treatment  are 
reported  as  identical  with  those  reported  in  reference  61.  for  768-T61.  There 
are  not  enough  data  regarding  any  one  test  to  determine  even  approxiMtely  the 
variability  of  the  material.  Pigs.  126  and  127  give  S-N  curves  for  this 
material,  and  Pig.  128  shows,  for  notched  material,  the  relation  of  alternating 
to  steady  stress. 


Items  22-23  Ref.  29 

These  tests  were  run  to  investigate  the  applicability  of  the  Prot 
method  of  testing  to  aluminum  alloys.  The  reference  suggests  the  possibility 
that  the  much  higher  values  of  fatigue  strength  obtained  by  the  Prot  method 
My  be  due  to  some  "coaxing"  effect.  lAng-life  S-N  curves  are  given  on 
Pig.  129* 

4.2.6  Aluminum  Alloy  7079 


Items  1-4  Ref.  49 

The  S-N  curves.  Pig.  130,  show  some  difference  between  longitudinal 
and  short  transverse  smooth  specimens  of  the  hand  forged  alloy,  but  no 
siepif leant  difference  for  notched  specimens.  (The  forgings  were  3"  x  6"  x 
38"  in  size.)  Similar  curves  are  shown  on  Pigs.  93  and  123  for  other 
altimlnum  alloys. 


I 
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pn.,_  I.  Iii.u.jp  ,-u.,.,.^iN.HPUlB.i»i  I  III  .Uipjin 

SBCnOH  V.  NAOllBSZQN  ALLOYS 


5*1  Q«iwr»l 

Although  there  are  nuneroua  Iteaa  in  Table  Xll,  a  large  nuaber  of 
thea  do  not  Aho«  the  tenaile  (atatio)  strength.  Inspection  of  the  Table  sill 
show  that  there  seems  to  be  llttle«  If  any«  correlation  of  fatigue  with  static 
strength*  so  that  the  missing  static  strengths  would  be  of  only  academic 
Interest.  A  few  data  are  given  In  Table  XII  (Items  64  to  74}  for  high  temper¬ 
ature  fatigue. 

5.2  Discussion  of  Data  In  Table  XII 

Items  1-12  Ref.  63 

Regarding  these  tests  on  AZ31X*  the  reference  says  that  the  "HAS" 
process  "produces  electrolytlcally  on  magnesium  alloys  a  nonmetalllc  coating 
that  Is  hard  and  corrosion-resisting".  The  reference  states  that  the  coating 
reduced  the  fatigue  strength  by  approximately  1000  psl  for  each  0.001  inch  of 
coating.  Several  specimens  were  exposed  to  warm  salt  spray  for  five  days  then 
fatigue  tested.  The  reference  states  that  fatigue  resistance  was  generally* 
but  not  Invariably*  not  decreased  by  exposure  to  the  spray.  Pig.  131  gives 
S-N  curves  for  Item  1. 


Items  13-29  Ref.  64 

The  material  Is  Dow  Chemical  Co's.  PS-1  alloy.  Heat  treatment  Is 
not  specified  In  the  reference*  but  the  Items  marked  PS -la  are  presumably 
annealed  and  those  marked  PS-lh  are  presumably  hard  rolled.  Host  of  the  data 
were  from  sheets*  and  to  avoid  buckling  from  compression  the  stress  ranges 
for  these  tests  were  kept  between  zero  and  a  maximum  tension. 

Warning t  The  reference  says:  ".  .  .  It  Is  recommended  that  the 
test  bar  data  presented  here  not  be  used  qtiantitatlvely  for  design  values* 
but  rather*  simply  for  a  qualitative  comparison  of  materials". 

Items  30-43  Ref.  64 


The  warning  above  applies  also  to  the  data  on  the  magnesium  casting 
alloys*  C-AC*  C-HT*  C-HTA*  and  c-HTS. 

Items  44-48  Ref.  65 

Material  la  Dow  PS-lh.  Patlgue  strengths  were  measured  In  terms 
of  R  (ratio  min.  to  max.  stress  per  cycle). 

Pig.  132  shows  the  S-N-R  curves*  l.e.*  the  curves  for  crest  stresses. 
Pig.  133  was  derived  by  converting  values  scaled  from  Pig.  132  Into  equivalent 
separate  steady  and  vibratory  components  for  10*  cycles. 

Items  49-51  Ref.  66 

Material  la  magnesium  alloy  ZK60A-T5  (Dow  chem.)*  Extruded  bar 
stock.  This  Is  a  "solid  solution  precipitation  hardening  type  with  Mg-Zn 
compound  as  the  submicros coplo  precipitate". 

Pig.  134  shows  S-N  curves*  for  fully  reversed  stress*  of  smooth  and 
of  notched  specimens. 
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Figs. 135  and  136  show.  In  nodlfled  Ooodnan  type  dlagraaw,  the 
influence  of  steady  stress  on  alternating  stress  strength. 

Items  52-53  Ref.  » 

Approximate  S-N  curves  for  magnesium  alloy  J-1  are  given  in  Fig.  137* 

Items  5^-61  Ref.  67 

These  tests  on  three  magnesium  alloys,  FS-la,  J-1,  and  0-1,  were  made 
to  show  the  difference  in  fatigue  strength  of  the  alloys  caused  by  differences 
in  the  test  methods.  The  individual  specimen  tests  are  plotted  in  Figs.  138-140. 
As  a  result  of  these  tests  the  authors  of  the  reference  state  that  some  magnesium 
alloys  give  appreciably  hi^er  strengths  in  rotating  bending  than  in  plate  bend¬ 
ing  or  in  axial  (push-pull)  loading. 

No  S-N  curves  were  given  in  the  reference,  but  values  of  "Fatigue 
Limit,  10'  cycles"  were  given.  These  are  the  values  used  in  Table  XII. 

Items  62-63  Ref.  68 

The  tests  on  AZ81-T4  oast  alloy  were  made  "to  compare  the  fatl^e 
properties  of  AZ81-T4  with  other  similar  magnesium  alloys  now  in  service".  The 
reference  concludes  that  "the  unnotched  fatigue  strength  of  AZ81-T4  is  approxi¬ 
mately  4  ksl  lower  than  AZ63-T4"  and  "the  notched  fatigue  properties  were 
practically  identical  to  those  of  AZ63-t4”.  S-N  curves  are  given  on  Fig.  l4l. 

Items  64-69  Ref.  69 

The  tests  on  HM-31  forged  alloy  are  plotted  on  Fig.  142  together  with 
"results  of  previous  testing  on  annealed  HK-31  magnesium  alloy".  The  values 
shown  on  the  figure  are  based  on  stressing  from  zero  to  tension  (A  -  1.0).  In 
addition  to  the  tests  plotted,  "a  limited  number  of  the  specimens  were  also 
tested  in  completely  reversed  loading",  with  the  following  results: 

At  room  temp.,  stress  15  ksi,  one  specimen  failed  at  2,083,500 
cycles  and  one  specimens  failed  at  3 « 873, 000 
cycles . 

At  500^F,  stress  12  ksi,  one  specimen  failed  at  91»700  cycles, 
stress  9  ksi,  one  specimen  failed  at  1,102,300 
cycles . 

At  630^F,  stress  7  ksi,  one  specimen  failed  at  1,100,900 

cycles  after  having  survived  10°  cycles  at 
10  ksl  at  5OOOF. 

Items  70-74  Ref.  70 

These  tests  of  HM-21  forged  alloy  were  "preliminary",  -  for  comparison 
with  HM-31  alloy.  S-N  curves  are  shown  on  Fig.  143. 
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Zt  !•  Intenstlng  to  note  that  In  Table  XIII  the  fatigue  strengths 
of  raooth  titaniuB  alloys  nin  close  to.  and  soaetlaws  exceed,  fifty  percent 
of  the  tmiaile  strengths.  A  few  data  (Itens  67  to  86)  are  given  on  high 
teaperature  properties. 

6.2  Dlacussl<»  of  Data  in  Table  XIII 


Itens  1-6  Ref.  71 

Alloy  RC-55  Type.  Reduction  In  endurance  llnlt  of  smooth  specimens, 
item  5,  Is  charged  to  the  heating  effect  resulting  from  high  speed  cycling, 
when  cpm  are  Increased  from  1,800  to  10,(XX>.  The  fact  that  notched  specimens. 
Item  6,  showed  little  effect  from  speed,  and  did  not  heat  up.  Is  thou^t  to 
be  because  of  the  relatively  small  volume  of  material  subjected  to  maximum 
stress  and  the  ability  of  surrotindlng  material  to  conduct  the  heat  away  as 
fast  as  generated. 

Fig.  144  shows  the  S-N  curves  for  this  alloy.  It  Is  to  be  noticed 
that  the  curves  are  based  on  small  numbera  of  specimens.  The  total  number 
of  specimens  for  each  curve  Is  noted  on  the  flgU3?e. 

Items  7-14  Ref.  72 

The  reference  refers  to  earlier  tests  on  Rem-Cru  sheet  O.O60"  thick, 
tested  In  Krouse  sheet  fatigue  machines,  and  remarks:  "The  fatigue  values 
were  higher  In  the  transverse  direction  than  In  the  longitudinal  direction  for 
all  conditions.  No  completely  satisfactory  reasons  could  be  given  to  account 
for  the  annealed  and  pickled  samples  producing  the  best  results  and  the  cold 
rolled  specimens  the  poorest  results".  The  tests  reported  in  reference  72 
were  made  to  study  further  some  of  the  problems  referred  to  above. 

The  variability  of  Tl-alloys  appears  In  an  analysis  of  the  static 
properties  as  reported  In  reference  72: •  (Standard  deviations  have  been 
computed  from  the  data  In  the  report. 


Alloy 

DTS 

ST. 

yp 

St. 

ksl 

DEV. 

ksl 

DEV 

TI-I5OA  * 

143.0 

5.9 

127.6 

6.0 

HC-I3OB 

153.6 

3.2 

147.1 

5.2 

*  Reference  72  says:  "These  melts  were  early  experimental 
ones  and  consequently  were  not  of  comparable  quality  to 
melts  produced  at  present". 

The  following  excerpt  Is  quoted  from  subject  report: 

ABSTRACT 


"The  evaluation  of  the  effects  of  varlo\is  treatments  on  the  fatigue 
properties  of  titanium  bar  stock  alloys  Ti-130A  and  RC-130B  was  made. 
The  various  treatments  of  T1-150A  and  their  corresponding  fatigue 
endurance  limits  are  as  follows: 

1.  Machined  and  polished  >  68,000  psl 

2.  Ground  -  63,000  to  70,000  psl 

3.  Ten  percent  permanently  stretched  and  ground  -  54,000 
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pal  (wlda  scatter  of  data) 

4,  Ground  and  scaled  -  36,000  psl 
3.  Machined  notched  -  40,000  psl 
o.  Ground  and  notched  -  21,000  psl 

The  fatigue  strength  varied  from  about  33  to  43  percent  of  the  tensile 
ultimate  strength  for  the  different  treatments,  except  for  the  notched 
condition  as  would  be  expected.  RC-130B  gave  endurance  limits  of  about 
67,000  psl  (approximately  43  percent  of  tensile  ultimate  strength)  for 
the  ground,  unnotohed  condition,  and  about  24,000  psl  for  the  gx*ound 
notched  material.  The  wide  range  of  values  for  the  ground  T1-13QB  alloy 
and  for  the  10  percent  stretched  and  ground  TI-I30A  alloy  may  have  been 
due  to  various  degrees  of  surface  cold  work,  and  surface  discontinuities, 
caused  by  grinding  and  cold  work.  In  addition,  radiography  identified 
tungsten  Inclusions  which  were  probably  a  contributing  factor.  In 
general  the  surface  treatment  has  a  marked  effect  upon  the  fatigue 
strength  of  titanium  and  Its  alloys.  For  the  conditions  tested,  a 
machined  and  polished  surface  produced  the  optimum  fatigue  properties." 

Fig.  143  shows  the  evidence  upon  which  the  discussion  of  Items  7  to 
14  Is  based.  The  high  degree  of  scatter  must  be  considered  In  connection 
with  the  values  stated  for  "fatigue  endurance  limits". 

Item  15  Ref.  73 

These  tests  of  RC--130B  titanium  alloy  were  run  to  provide  data  for 
a  study  of  the  statistical  nature  of  the  material.  In  the  reference  report 
the  data  are  analyzed  by  using  the  means  of  the  reciprocals  of  the  life 
cycles.  In  Pig.  146,  the  P-S-N  (Probability-S-N)  curves  were  established 
by  problt  analysis  (reference  29} • 

Items  16-40  Refs.  74.75 

The  values  of  Sq  for  107  cycles  that  appear  In  the  data  tables  were 
scaled  from  curves  In  the  references.  These  values  are  listed  as  "plus-or- 
minvis"  values  to  Indicate  that  they  are  not  highly  precise  In  the  second 
significant  figure.  In  general  only  three  or  four  -  sometimes  five  -  speci¬ 
mens  were  tested  at  any  one  stress  level. 

Items  41-44  Ref.  76 


These  Items  show  the  sensitivity  of  the  nearly  pure  titanium, 

T1-73A,  to  heating  under  high  speed  cycling,  and  to  extremes  of  speed,  that 
Is,  from  400  RPM  to  10,000  RPM,  The  reference  says,  however,  that  "speci¬ 
mens  which  were  water  cooled  to  dissipate  the  Internal  heat  showed  small  spread 
In  the  failure  curves  for  the  different  speeds  of  testing  that  were  studied". 
Pig.  147  shows  S-N  curves  for  these  items.  Values  of  Se  In  Table  XIII  were 
scaled  from  Pig.  147. 

Items  43-62  Ref.  77 

In  these  tests  of  tltanlum-chromluro-molybdenum  alloys,  20  specimens 
were  used  In  tests  for  each  value  of  Se.  For  the  data  In  Table  XIII,  static 
properties  excepting  UTS  were  scaled  from  graphs  In  the  reference.  In  their 
Summary,  the  authors  refer  to  Pig,  148  and  say;-  "The  fatigue  endurance 
limit  of  the  alloy  appears  to  be  unchanged,  regardless  of  alloy  content, 
althoiigh  the  tensile  strength  la  greatly  Increased  as  a  result  of  alloy 
content". 
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It—  63«6»  R»f.  78 

Th»  two  S-N  ourvoa  for  6  V«  titanlua  alloys  shown  on  Flg«  lt9 
sont  tssts  run  to  "illustrate  the  IsproTowent  In  enduranoe  strength 
whieh  ean  be  realised  using  dtQ>lez  heat  treatwents". 

Item  65  Ref«  29 

The  S-N  ourwe  for  6  Al-4  Va  titanium  alloy  shown  on  Pig.  150  le 
based  on  tests  of  63  specimens,  whereas  the  lower  curve  of  the  same  material 
shown  on  Pig*  149  is  based  on  o  specimens,  only  four  of  which  broke  at  less 
than  10°  cycles*-  Whether  or  not  this  alloy  has  an  "enduranoe  limit"  at 
around  10'  or  10°  cycles  is  questionable* 

Item  66  Ref*  38 

The  reference  says  of  the  S-N  curves  for  6  Al-4  V  titanium  alloy 
bar  from  which  Pig*  I5I  was  derived  that  they  show  "some  limited  axial  ... 
fatigue  data".  The  scale  of  stresses  on  Fig.  151  should  be  read  carefully. 
They  indicate  the  steady  stress  component  as  well  as  the  vlbratoiry  component 
of  stress,  and  it  should  be  noted  that  the  steady  stress  increases  as  the 
alternating  stress  increases* 

Items  67-86  Ref.  79 

These  tests  of  7  Al-3  Mo  titanium  alloy  were  made  to  study  the 
effect  of  ageing  versus  annealing  treatments  on  the  high  temperature  creep 
and  fatigue  properties  of  the  alloy.  The  S-N  curves.  Figs.  I52  and  I53,  were 
derived  from  curves  given  in  the  reference.  The  stress  scales  on  the  figures 
show  the  steady  stress  component  and  the  alternating  stress  component. 
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SECTION  VII.  MISCELLANEOUS  NATEEIALS 


7.1  Qmmvl 

The  data  In  Mble  XIV  apply  to  plastic  and  wood  laminates  and  a  few 
aetalllo  materials.  Some  data  on  high  temperature  properties  of  beryllium  are 
Included. 

7.2  Discussion  of  Data  In  Table  XIV 

Items  1-2  Ref.  8 


The  Ingot  Iron  used  for  Item  2  was  specially  treated  "to  retain  as 
much  carbon  and  nitrogen  In  solid  solution  as  possible".  This  treatment  was 
used  to  render  the  Iron  mox^  susceptible  to  "coaxing"  under  fatigue  stressing^ 
so  that  the  effect  of  coaxing  on  Prot  tests  could  be  Investigated. 

Items  3-^  Ref.  4 

In  the  case  of  this  gray  (oast)  lron>  the  plots  of  Individual  test 
results  as  given  In  the  reference  warrant  the  drawing  on  Pig.  154  of  a  single 
S-N  curve  to  repx^sent  both  the  smooth  and  the  notched  specimens. 

Items  5-6  Ref.  29 

For  the  aluminum-nickel  bronze«  Item  5«  76  specimens  were  tested  to 
give  the  S-N  curves  shown  on  Pig.  I55.  For  the  beryllium -copper.  Item  6,  66 
specimens  were  tested  for  the  S-N  curves  on  Fig.  156.  The  values  of  Se  given 
In  Table  XIV  are  probably  higher  than  would  be  shown  for  longer  cycle  life. 

Items  7-17  Ref.  80 


S-N  curves  for  these  glass-flber-relnforoed  plastic  laminates  are 
given  on  Figs.  157«  I56*  The  strength  reduction  factor  of  these  notched 
laminates  Is  noticeably  smaller  than  that  usually  found  in  metals,  and  In 
the  case  of  the  laminate  with  a  glass  mat.  Items  14-15,  Is  actually  less 
than  unity. 


Items  18-23  Ref.  80 

These  Items,  showing  the  effect  of  superimposed  mean  (steady)  stress, 
are  shown  as  S-N  curves  on  Fig.  I59,  for  a  single  laminate. 

Item  24  Ref.  80 

This  Item,  represented  by  the  S-N  curve  on  Fig.  I60,  shows  the 
effect  of  stressing  the  glass -fabric -reinforced  laminate  at  450  with  the 
direction  of  the  warp.  The  effect  of  anisotropy  can  be  seen  by  comparing 
this  Item  with  Item  I8. 

Items  25-30  Ref.  80 

S-N  curves  for  these  heat  resistant  glass-flber-rSlnforced  lamlnAtes 
are  given  on  Figs.  I6l,l62. 

Item  31  Ref.  42 

An  S-N  curve  for  this  glass  fabric  laminated  plastic  Is  given  on 
Fig.  163.  The  curve  Is  considerably  different  In  character  from  most  of  those 
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OB  figs*  157  to  162  although  the  long  llfo  fatigue  strength  Is  consistent  with 
those  of  the  other  lawlnates.  nie  speolaens  were  round  Instead  of  flat,  the 
stressing  was  In  bending  Instead  of  being  axial,  and  the  resin  was  not  Identical 
with  those  used  for  the  other  laminates.  The  reference  says:-  "The  decrease 
In  fatigue  strength  value  with  increasing  number  of  cycles  Is  relatively  small". 

Items  32 -»7  Ref.  8l 

Values  of  Se  for  these  tests  of  yellow  birch  and  hard  maple,  both 
solid  and  laminated,  were  scaled  from  Fig.  164  for  10°  cycles.  It  must  be 
remembered  that  these  values  are  "mean"  strengths  of  laboratory -size  specimens. 
The  "scatter"  in  data  cannot  be  determined  since  each  S-N  curve  was  based  on 
somewhere  between  half  a  dozen  and  a  dozen  and  a  half  specimens.  The  reference 
po^ts  out  that  the  "endurance  limit"  for  these  woods  is  apparently  below  the 
10°  cycle  strength,  and  there  is  no  indication  in  the  tests  of  how  far  below. 

A  variable  not  listed  in  the  tabulation  is  "moisture  content".  The 
reference  gives  7  or  8^  by  weight  for  the  natural  woods,  and  1.6  to  3*5^  for 
the  compressed  laminates.  The  reference  says  "it  is  believed  that  no  serious 
chauige  in  moisture  content  occurred  during  the  test" . 

One  respect  in  which  the  data  in  the  last  eight  items  differs  from 
values  for  steel  is  in  the  effect  of  increased  speed  of  cycling.  There  is  a 
small  but  persistent  decrease  in  fatigue  strength  as  speed  increases  from  3430 
to  10,600  cpm.  Steels  have  not  been  found  so  sensitive  at  these  speeds,  and 
for  much  wider  differences  have  shown  the  opposite  effect. 

Items  48-49  Ref.  82 


Data  for  these  flat -plate  bending  tests  of  solid  and  laminated  wood 
specimens  are  given  as  percents  of  the  static  modulus  of  rupture  "because 
specimens  of  the  same  species  from  different  trees  will  vary  considerably  in 
strength".  Test  results  are  shown  on  Pig.  I65  as  a  "scatter  band"  since  the 
separate  test  values  for  the  two  solid  and  the  two  laminated  woods  were  com¬ 
pletely  intermingled  on  the  figure  in  the  reference.  This  is  consistent  with 
the  statement  in  the  reference:-  "Since  the  shear  stress  is  relatively  low 
compared  to  the  fiber  stress  in  bending,  it  has  been  found  that  plywood  speci¬ 
mens  tested  as  cantilever  beams  subjected  to  repeated  or  reversed  bending 
stress,  with  the  plane  of  the  veneers  perpendicular  to  the  load  and  the  grain 
of  the  outside  plies  parallel  to  the  span,  will  fall  in  the  wood  before 
separation  of  the  veneers  occurs". 

The  average  value,  27^  of  static  modulus  of  rupture,  is  given  for 
50,000,000  cycles,  and  the  reference  points  out  that  the  slope  of  the  S-N 
curves  is  still  negative,  indicating  that  this  is  not  the  "endurance  limit" 
of  the  woods  tested. 


Item  50  Ref,  83 

The  S-N  curve,  as  based  on  four  specimens,  is  shown  on  Fig.  I66. 

Regaz*ding  other  data  on  beryllium,  the  reference  states  that  other 
Investigators  have  reported  "the  fatigue  strength  under  direct  stress  of  hot 
pressed,  warm  extruded  Beryllium  to  be  31*300  psl  at  10°  cycles",  and  the 
"fatigue  strength  of  Beryllium  under  cantilever  bending  ...  as  32,000  psl". 
Also,  it  quotes  another  set  of  tests  as  showing  that  strip  specimens  under 
direct  stress  showed  "an  endurance  limit  at  10'  cycles  of  22,000  psl". 

Item  51  Ref.  84 

The  1100°P  stress -nipture  data  for  Brush  QMV  Beryllium  are  plotted 
on  Pig,  167. 
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Th«  axial  teat  data  for  Brush  QMV  Beryllium  given  by  the  reference 
•M  niottad  on  Plss.  168-170,  Pig.  168  shows  room  temperature  tests  and 
JSs  1697170  ShS!  tests  at  llOoSp.  Each  of  the  S-N  curves  shown  is  based 
Srl’slali  JSber  Of  specimens.  The  data  In  Table  XIV  were  read  from  the 


S-N  curves. 
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3-W  Plot  of  Fatigue  ^sta  of  P3-la  (AZ31A-0) 
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Curvea  for  Titanium  Alloy  RC-130B 
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ly  »luB  AltwnatAng  Stress,  at  1100' 
(Plotted  froB  Ref.  85) 
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